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Abstract
The sum of the CP -violating asymmetries AΩ and AΛ in the decay sequence Ω → ΛK, Λ → ppi is
presently being measured by the E871 experiment. We evaluate contributions to AΩ from the standard
model and from possible new physics, and find them to be smaller than the corresponding contributions
to AΛ, although not negligibly so. We also show that the partial-rate asymmetry in Ω → ΛK is nonvan-
ishing due to final-state interactions. Taking into account constraints from kaon data, we discuss how the
upcoming result of E871 and future measurements may probe the various contributions to the observables.
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I. INTRODUCTION
The question of the origin of CP violation remains one of the outstanding puzzles in particle
physics. Although CP violation has now been seen in a number of processes in the kaon and B-
meson systems [1], it is still far from clear whether its explanation lies exclusively within the picture
provided by the standard model [2]. To pin down the sources of CP violation, it is essential to
observe it in many other processes.
Hyperon nonleptonic decays provide an environment where it is possible to make additional
observations of CP violation [3, 4]. Currently, there are CP -violation searches in such processes
being conducted by the HyperCP (E871) Collaboration at Fermilab. Its main reactions of interest
are the decay chain Ξ− → Λπ−, Λ → pπ− and its antiparticle counterpart [4]. A different,
but related, system also being studied by HyperCP involves the spin-3
2
hyperon Ω−, namely the
sequence Ω− → ΛK−, Λ → pπ− and its antiparticle process [5]. For each of these decays, the
decay distribution in the rest frame of the parent hyperon with known polarization w has the form
dΓ
dΩ
∼ 1 + αw · pˆ , (1)
where dΩ is the final-state solid angle, pˆ is the unit vector of the daughter-baryon momentum, and
α is the parameter relevant to the CP violation of interest. In the case of Ω → ΛK → pπK, the
HyperCP experiment is sensitive to the sum of CP violation in the Ω decay and CP violation in
the Λ decay, measuring [5]
AΩΛ =
αΩαΛ − αΩαΛ
αΩαΛ + αΩαΛ
≃ AΩ + AΛ , (2)
where
AΩ ≡
αΩ + αΩ
αΩ − αΩ
, AΛ ≡
αΛ + αΛ
αΛ − αΛ
(3)
are the CP -violating asymmetries in Ω→ ΛK and Λ→ pπ, respectively. Similarly, the observable
it measures in Ξ→ Λπ → pππ is AΞΛ ≃ AΛ + AΞ [4].
On the theoretical side, CP violation in Λ→ pπ and Ξ→ Λπ has been extensively studied [3, 6–
10]. In contrast, the literature on CP violation in Ω decays is minimal, perhaps the only study
being Ref. [11] which deals with the partial-rate asymmetry in Ω→ Ξπ. There is presently no data
available or experiment being done on this rate asymmetry. In view of the upcoming measurement
of AΩΛ by HyperCP, it is important to have theoretical expectations of this observable. Clearly, the
information to be gained from AΩΛ will complement that from AΞΛ. Since the estimates of AΛ and
AΞ within and beyond the standard model (SM) have been updated very recently in Refs. [9, 10],
in this paper we focus on AΩ.
We begin in Sec. II by relating the observables of interest in Ω → ΛK to the strong and CP -
violating weak phases in the decay amplitudes. We discuss the role played by final-state interactions
in this decay, which not only affect AΩ, but also cause its partial-rate asymmetry to be nonvanishing,
thereby providing another CP -violating observable. In Sec. III, we employ heavy-baryon chiral
perturbation theory (χPT) to calculate P - and D-wave amplitudes for baryon-meson scattering
in channels with isospin I = 1
2
and strangeness S = −2. We use the derived amplitudes in a
2
coupled-channel K-matrix formalism to determine the strong parameters needed in evaluating the
CP -violating asymmetries. In Sec. IV, we estimate the asymmetries within the standard model.
Working in the framework of χPT, we calculate the weak phases by considering factorizable and
nonfactorizable contributions to the matrix elements of the leading penguin operator. Subsequently,
we compare the resulting AΩ with AΛ, which was previously evaluated, as both asymmetries appear
in AΩΛ. In Sec. V, we address contributions to the CP -violating asymmetries from possible new
physics, taking into account constraints from CP violation in the kaon system. Specifically, we
consider contributions induced by chromomagnetic-penguin operators, which in certain models can
be enhanced compared to the SM effects. Sec. VI contains our conclusions.
II. OBSERVABLES AND PHASES
The amplitudes for Ω− → ΛK− and Ω¯+ → Λ¯K+ each contain parity-conserving P -wave and
parity-violating D-wave components, with the former being empirically known to be dominant [12].
They are related to the parameters αΩ and αΩ by
αΩ =
2Re
(
p∗d
)
|p|2 + |d|2 , αΩ =
2Re
(
p¯∗d¯
)
∣∣p¯∣∣2 + ∣∣d¯∣∣2 , (4)
where p and d
(
p¯ and d¯
)
are the P - and D-wave components, respectively, for the Ω−
(
Ω¯+
)
decay.
Since both Ω and Λ have I = 0, each of these decays is an exclusively |∆I| = 1
2
transition.
Before writing down the amplitudes in terms their phases, we note that the strong phases in
Ω → ΛK¯ are not generated by the strong rescattering of ΛK¯ alone. Watson’s theorem for elastic
unitarity [13] does not apply here, though it does in the cases of Λ→ pπ and Ξ→ Λπ. Final-state
interactions also allow Ω → Ξπ → ΛK¯ to contribute, yielding additional strong phases as well as
weak ones, because the channel Ξπ ↔ ΛK¯ is open at the scattering energy √s = mΩ. Since the
Ω → Ξπ,ΛK¯ rates overwhelmingly dominate the Ω width [12], we expect other contributions via
final-state rescattering to be negligible.
The requirements of CPT invariance and unitarity provide us with a relationship between the
amplitudes for Ω→ Bφ and its antiparticle counterpart. Thus, with M(L)Ω→Bφ denoting the ampli-
tude corresponding to Bφ being in a state with orbital angular momentum L, we have
(−1)L+1M(L)
Ω→ΛK = S
(L)
ΛΛ M(L)∗Ω→ΛK¯ + S
(L)
ΛΞ M(L)∗Ω→Ξpi , (5)
where S(L)BB′ is the element of the strong S-matrix associated with the L partial-wave of Bφ→ B′φ′,
and only the I = 1
2
component of the Ξπ state is involved in the second term. Assuming that the
Ξπ and ΛK¯ channels are the only ones open, we can express the S-matrix as [14]
S =
(
SΞΞ SΞΛ
SΛΞ SΛΛ
)
=
(
ηˆ e2iδΞpi i
√
1− ηˆ2 ei(δΞpi+δΛK)
i
√
1− ηˆ2 ei(δΞpi+δΛK ) ηˆ e2iδΛK
)
, (6)
where ηˆ is the inelasticity factor and δBφ denotes the phase shift in Bφ→ Bφ. Clearly S is unitary,
and each partial-wave has its own S. Now, since ηˆ is expected to be close to and smaller than 1, it
3
is convenient to introduce a parameter ε defined by
ηˆ = 1− 2ε , (7)
and so ε is positive and small. Consequently, for L = 1 and 2, to first order in
√
ε we have [15]
p = eiδ
P
ΛK
(
pΛ e
iφP
Λ + i
√
εP pΞ e
iφP
Ξ
)
, d = eiδ
D
ΛK
(
dΛ e
iφD
Λ + i
√
εD dΞ e
iφD
Ξ
)
,
p¯ = eiδ
P
ΛK
(
pΛ e
−iφP
Λ + i
√
εP pΞ e
−iφP
Ξ
)
, d¯ = −eiδDΛK
(
dΛ e
−iφD
Λ + i
√
εD dΞ e
−iφD
Ξ
)
,
(8)
where pB and dB are real, associated with Ω → Bφ, and φP,DB denote the corresponding weak
phases in the |∆I| = 1
2
amplitudes.
Putting together the results above, and keeping only the terms at lowest order in small quantities,
we obtain
AΩ = − tan
(
δPΛK−δDΛK
)
sin
(
φPΛ−φDΛ
)− pΞ
pΛ
√
εP sin
(
2φPΛ−φPΞ−φDΛ
)
+
dΞ
dΛ
√
εD sin
(
φPΛ−φDΞ
)
, (9)
where we have made use of the expectation that δP,DΛK , φ
P,D
Λ,Ξ , and dB/pB are also small. Unlike the
strong phases in Λ and Ξ decays, there are no data currently available for δΛK , and so we will
calculate them here. To estimate the weak phases φΛ,Ξ, we will consider contributions coming from
the SM as well as from possible new physics. As for pB and dB, we will extract their approximate
values from data shortly, under the assumption of no final-state interactions and no CP violation.
Now, the presence of the
√
ε terms with additional weak and strong phases in the decay ampli-
tudes in Eq. (8) implies that the rate of Ω→ ΛK¯,
ΓΩ→ΛK¯ =
∣∣kΛ∣∣ (EΛ +mΛ)
12πmΩ
(|p|2 + |d|2) , (10)
evaluated in the rest frame of Ω, is no longer identical to that of Ω¯ → Λ¯K. Hence these decays
yield another CP -violating observable, namely the partial-rate asymmetry
∆Ω =
Γ
Ω→ΛK¯ − ΓΩ→ΛK
Γ
Ω→ΛK¯ + ΓΩ→ΛK
. (11)
It follows that to leading order
∆Ω =
2 pΞ
pΛ
√
εP sin
(
φPΛ − φPΞ
)
. (12)
We will also estimate this asymmetry below.1 Since ∆Ω results from the interference of P -wave
amplitudes, a future measurement of it will probe CP violation in the underlying parity-conserving
interactions. We note that the strong parameters entering Eq. (12), and the second and third terms
in Eq. (9), are not the strong phases, but εP,D.
1 In Ref. [11] the partial-rate asymmetry in Ω→ Ξpi was evaluated under the assumption that ε = 0.
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Before ending this section, we determine the values of pB and dB which are needed in Eqs. (9)
and (12), and also in evaluating the weak phases. To do so, we apply the measured values of
α and Γ, as well as of the masses involved, in the corresponding formulas, as those in Eqs. (4)
and (10), assuming that the strong and weak phases are zero. The experimental values of Γ
for Ω → ΛK¯,Ξπ are well determined, but those of α are not [12]. HyperCP is currently also
measuring αΩ, in Ω→ ΛK¯, with much better precision, and has reported [5] preliminary results of
αΩ = (1.84±0.46±0.04)×10−2 and αΩ = (2.01±0.17±0.04)×10−2. Applying the PDG averaging
procedure [12] to all the experimental results, including the preliminary ones from HyperCP, yields
the average αΩ = 0.020± 0.002, which we adopt in the following. In the case of Ω→ Ξπ, we use
the data given by the PDG [12], and also
|Ξπ〉 =
√
2
3
∣∣Ξ0π−〉+ 1√
3
∣∣Ξ−π0〉 (13)
to project out the |∆I| = 1
2
amplitudes. Thus we extract
pΛ = 3.73± 0.03 , dΛ = 0.037± 0.004 ,
pΞ = 2.00± 0.03 , dΞ = 0.08± 0.12 ,
(14)
all in units of GFm
2
pi+ , with GF being the Fermi coupling constant.
III. STRONG PHASES AND INELASTICITY FACTORS
To calculate the strong parameters needed in Eq. (9), we take a K-matrix approach [14]. Fur-
thermore, we include the contributions of other Bφ states with I = 1
2
and S = −2, namely ΣK¯
and Ξη, which are coupled to ΛK¯ and Ξπ through unitarity constraints. Although at
√
s = mΩ the
ΣK¯ and Ξη channels are below their thresholds, it is important to incorporate their contributions
to the open ones. Such kinematically closed channels have been shown to have sizable influence on
the open ones in some other cases [16, 17].
The K matrix for the four coupled channels can be written as
K = KT =
(
Koo Koc
Kco Kcc
)
, (15)
where the subscripts “o” and “c” refer to open and closed channels, respectively, at
√
s = mΩ.
Thus Koo,oc,co,cc are all 2×2 matrices in this case and Kco = KToc. Now, it is convenient to introduce
the matrix
Kr = Koo + iKoc
(
1 − iqcKcc
)−1
qcKco , (16)
where 1 is the 2×2 unit matrix and qc = diag
(
kΣK¯ , kΞη
)
, with kBφ being the magnitude of the CM
three-momentum in Bφ scattering, implying that kΣK¯ and kΞη are purely imaginary at
√
s = mΩ.
The elements of S in Eq. (6) can then be evaluated using [14]
S = 1 + 2i q1/2o Kr
(
1 − iqoKr
)−1
q1/2o , (17)
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where qo = q
1/2
o q
1/2
o = diag
(
kΞpi, kΛK¯
)
. For the K-matrix elements, we make the simplest approx-
imation by adopting the partial-wave amplitudes fBφ→B′φ′ at leading order in chiral perturbation
theory, namely
Koo =
(
fΞpi→Ξpi fΞpi→ΛK¯
fΛK¯→Ξpi fΛK¯→ΛK¯
)
,
Koc = K
T
co =
(
fΞpi→ΣK¯ fΞpi→Ξη
fΛK¯→ΣK¯ fΛK¯→Ξη
)
,
Kcc =
(
fΣK¯→ΣK¯ fΣK¯→Ξη
fΞη→ΣK¯ fΞη→Ξη
)
.
(18)
Before deriving them, we remark that time-reversal invariance of the strong interaction implies
fBφ→B′φ′ = fB′φ′→Bφ.
The chiral Lagrangian that describes the interactions of the lowest-lying mesons and baryons is
written down in terms of the lightest meson-octet, baryon-octet, and baryon-decuplet fields [18, 19].
The meson and baryon octets are collected into 3 × 3 matrices φ and B, respectively, and the
decuplet fields are represented by the Rarita-Schwinger tensor T µabc, which is completely symmetric
in its SU(3) indices (a, b, c). The octet mesons enter through the exponential Σ = ξ2 = exp(iφ/f),
where f is the pion-decay constant.
In the heavy-baryon formalism [19], the baryons in the chiral Lagrangian are described by
velocity-dependent fields, Bv and T
µ
v . For the strong interactions, the Lagrangian at lowest or-
der in the derivative and ms expansions is given by [19, 20]
Ls =
〈
B¯v iv · DBv
〉
+ 2D
〈
B¯vS
µ
v
{Aµ, Bv}〉+ 2F 〈B¯vSµv [Aµ, Bv]〉
− T¯ µv iv · DTvµ +∆mT¯ µv Tvµ + C
(
T¯ µv AµBv + B¯vAµT µv
)
+
bD
2B0
〈
B¯v
{
χ+, Bv
}〉
+
bF
2B0
〈
B¯v
[
χ+, Bv
]〉
+
b0
2B0
〈
χ+
〉 〈
B¯vBv
〉
+
c
2B0
T¯ µv χ+Tvµ −
c0
2B0
〈
χ+
〉
T¯ µv Tvµ +
1
4
f 2
〈
χ+
〉
+ · · · , (19)
where 〈· · · 〉 denotes Tr(· · · ) in flavor-SU(3) space, and we have shown only the relevant terms.
In the first two lines, Sv is the spin operator and Aµ = i2
(
ξ ∂µξ
† − ξ† ∂µξ
)
, with further details
given in Ref. [21]. The last two lines of Ls contain χ+ = ξ†χξ† + ξχ†ξ, with χ = 2B0M =
2B0 diag
(
mu, md, ms
)
, which explicitly breaks chiral symmetry. We will take the isospin limit
mu = md ≡ mˆ and consequently χ = diag
(
m2pi, m
2
pi, 2m
2
K −m2pi
)
. The constants D, F , C, B0, bD,F,0,
c, c0 are free parameters which can be fixed from data.
In the center-of-mass (CM) frame, the P -wave amplitude for Bφ → B′φ′ with total angular-
momentum J has the form
MBφ→B′φ′ = −8π
√
s χ†B′
{[
f
(P,J= 1
2
)
Bφ→B′φ′ + 2f
(P,J= 3
2
)
Bφ→B′φ′
]
kˆ′ · kˆ +
[
f
(P,J= 1
2
)
Bφ→B′φ′ − f
(P,J= 3
2
)
Bφ→B′φ′
]
iσ · kˆ′ × kˆ
}
χB ,
(20)
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where
√
s is the CM energy, χB and χB′ are the Pauli spinors of the baryons, kˆ and kˆ
′ denote the unit
vectors of the momenta of B and B′, respectively, and f (P,J)Bφ→B′φ′ are the partial-wave amplitudes. At
lowest order in χPT, the J = 3
2
amplitude arises from the Lagrangian in Eq. (19), and the pertinent
diagrams are displayed in Fig. 1. The amplitudes in the I = 1
2
channels are then extracted using
the I = 1
2
states in Eq. (13) and
∣∣ΛK¯〉 = ∣∣ΛK−〉 , ∣∣ΣK¯〉 = √2
3
∣∣Σ−K¯0〉+ 1√
3
∣∣Σ0K−〉 , |Ξη〉 = ∣∣Ξ−η〉 , (21)
which follow a phase convention consistent with the structure of the φ and Bv matrices. We write
the results as
f
(P,J= 3
2
)
Bφ→B′φ′ = −PBφ,B′φ′
kBφkB′φ′
√
mBmB′
4π f 2
√
s
, (22)
where the expressions for PBφ,B′φ corresponding to the four channels have been collected in Ap-
pendix A.
FIG. 1: Diagrams contributing to the P -wave J = 32 amplitude for Bφ→ B′φ′ at leading order in χPT.
In all figures, a dashed line denotes a meson field, a single (double) solid-line denotes an octet-baryon
(decuplet-baryon) field, and each solid vertex is generated by Ls in Eq. (19).
Since a D-wave amplitude has to be at least of second order in momentum, O(k2), it cannot
arise from the Lagrangian in Eq. (19) alone. Also required is the Lagrangian involving baryons at
second order in the derivative expansion, namely
L′s =
−1
2m0
B¯v
[D2 − (v · D)2]Bv + 12m0 T¯ µv
[D2 − (v · D)2]Tvµ + · · · , (23)
where m0 is the octet-baryon mass in the chiral limit, and we have shown only the relevant terms.
These are two of the relativistic-correction terms in the O(k2) Lagrangian, and so their coefficients
are fixed.
In the CM frame, the D-wave amplitude for Bφ→ B′φ′ has the form
M′Bφ→B′φ′ = −8π
√
s χ†B′
{[
2 f
(D,J= 3
2
)
Bφ→B′φ′ + 3 f
(D,J= 5
2
)
Bφ→B′φ′
] [
3
2
(
kˆ′ · kˆ)2 − 1
2
]
+
[
f
(D,J= 3
2
)
Bφ→B′φ′ − f
(D,J= 5
2
)
Bφ→B′φ′
] (
3kˆ′ · kˆ) iσ · kˆ′ × kˆ}χB . (24)
The leading nonzero contribution to this amplitude for J = 3
2
comes from diagrams shown in Fig. 2.
The resulting I = 1
2
partial-wave amplitudes are given by
f
(D,J= 3
2
)
Bφ→B′φ′ = −DBφ,B′φ
k2Bφk
2
B′φ′
√
mBmB′
4π f 2m0
√
s
, (25)
7
FIG. 2: Diagrams for the leading nonzero contribution to the D-wave J = 32 amplitude for Bφ → B′φ′.
Each hollow vertex is generated by L′s in Eq. (23).
where the expressions for DBφ,B′φ corresponding to the four channels have also been collected in
Appendix A.
Numerically, we adopt the tree-level values D = 0.80 and F = 0.50, extracted from hyperon
semileptonic decays [19], as well as C = −1.7, from the strong decays T → Bφ.2 We also employ
f = fpi = 92.4MeV, m0 = 0.7GeV,
3 and the isospin-averaged masses
mpi = 137.3 , mK = 495.7 , mη = 547.3 ,
mN = 938.9 , mΛ = 1115.7 , mΣ = 1193.2 , mΞ = 1318.1 ,
m∆ = 1232.0 , mΣ∗ = 1384.6 , mΞ∗ = 1533.4 , mΩ = 1672.5 ,
(26)
all in units of MeV. Thus, putting together all the results above and setting
√
s = mΩ, from the
P - and D-wave S-matrices we obtain
δPΛK = −0.65◦ ,
√
εP = 0.013 , δ
D
ΛK = +0.05
◦ ,
√
εD = 0.0009 , (27)
which are pertinent to Eqs. (9) and (12). The effects of the closed channels turn out to be significant
on δPΛK and εP . Excluding the ΣK¯ and Ξη channels would lead to δ
P
ΛK = −2.7◦ and √εP = 0.065.
The closed channels have minor effects on the D-wave parameters.
Since the numbers in Eq. (27) proceed from the leading nonzero amplitudes in χPT, part of
the uncertainties in these predictions comes from our lack of knowledge about the higher-order
contributions, which are presently incalculable. To get an idea of how they might affect our results,
we redo the calculation using the one-loop values D = 0.61, F = 0.40, and C = −1.2 [19, 23],
finding δPΛK = −0.47◦, √εP = 0.010, δDΛK = +0.03◦, and
√
εD = 0.0003. The differences between
the two sets of results then provide an indication of the size of this part of the uncertainties.
Another part is due to our lack of knowledge about the reliability of our K-matrix approximation.
A comparison of K-matrix results in Λπ scattering with experiment suggests that this approach
gives results with the correct order-of-magnitude and sign [17, 24]. For these reasons, we may
conclude that
−0.9◦ ≤ δPΛK − δDΛK ≤ −0.5◦ , 0.01 ≤
√
εP ≤ 0.02 , 0.0003 ≤
√
εD ≤ 0.002 . (28)
We will employ these numbers in evaluating the asymmetries.
2 We have chosen the sign of C after nonrelativistic quark models [19], which predict 3F = 2D and C = −2D, both
well satisfied by the adopted D, F , and C values.
3 This m0 value comes from simultaneously fitting the tree-level formulas for the octet-baryon masses and the sigma
term, σpiN = −2
(
bD + bF +2b0
)
mˆ, all derived from Eq. (19), to the measured masses and the empirical value [22]
σpiN ≃ 45MeV.
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IV. CP -VIOLATING ASYMMETRIES WITHIN STANDARD MODEL
To calculate the CP -violating phases, we will work in the framework of heavy-baryon χPT. The
amplitude for the weak decay Ω→ Bφ in the heavy-baryon approach has the general form
iMΩ→Bφ = −i
〈
Bφ
∣∣L∣∣Ω〉 = u¯B (A(P )Bφ + 2Sv · kφA(D)Bφ ) kφ · uΩ . (29)
where kφ is the four-momentum of φ, and the superscripts refer to the P - and D-wave components
of the amplitude. In the rest frame of Ω, these components are related to the p and d amplitudes by
p =
∣∣kφ∣∣A(P ) , d = k2φA(D) . (30)
We will follow the usual prescription for estimating a weak phase [6, 7, 9], namely, first calculating
the imaginary part of the amplitude and then dividing it by the real part of the amplitude extracted
from experiment under the assumption of no strong phases and no CP violation.
Within the SM, the weak interactions responsible for hyperon nonleptonic decays are described
by the short-distance effective |∆S| = 1 Hamiltonian [25]
Hw =
GF√
2
V ∗udVus
10∑
i=1
CiQi + H.c , (31)
where Vkl are the elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix [26],
Ci ≡ zi + τyi ≡ zi −
V ∗tdVts
V ∗udVus
yi (32)
are the Wilson coefficients, and Qi are four-quark operators whose expressions can be found in
Ref. [25]. In this case, the weak phases φP,D of Eq. (9) proceed from the CP -violating phase residing
in the CKM matrix, and its elements appearing in Ci above can be expressed in the Wolfenstein
parametrization [27] as
V ∗udVus = λ , V
∗
tdVts = −A2λ5 (1− ρ+ iη) (33)
at lowest order in λ. As is well known, Hw transforms mainly as
(
8L, 1R
) ⊕ (27L, 1R) under
SU(3)L×SU(3)R rotations. It is also known from experiment that the octet term dominates the
27-plet term [28]. We, therefore, assume in what follows that within the SM the decays of inter-
est are completely characterized by the (8L, 1R), |∆I| = 12 interactions. The leading-order chiral
Lagrangian for such interactions is [18, 29]
Lw = hD
〈
B¯v
{
ξ†hξ , Bv
}〉
+ hF
〈
B¯v
[
ξ†hξ , Bv
]〉
+ hC T¯
µ
v ξ
†hξ Tvµ + H.c. , (34)
where the 3×3-matrix h selects out s → d transitions, having elements hkl = δk2δ3l, and the
parameters hD,F,C contain the weak phases of interest. These phases are induced primarily by the
imaginary part of C6 associated with the penguin operator Q6, and this is due to its chiral structure
and the relative size of ImC6. In order to relate the imaginary part of hD,F,C to ImC6, we use the
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results of Ref. [9], obtained from factorizable and nonfactorizable contributions. Accordingly, we
have
Im hD = 5.14 y6 , ImhF = −14.3 y6 , ImhC = 32.5 y6 , (35)
all in units of
√
2 fpiGFm
2
pi+ A
2λ5η.
From Lw together with Ls, we can derive the diagrams displayed in Fig. 3, which represent the
leading-order contributions to the P -wave transitions in Ω− → ΛK¯,Ξπ and yield the amplitudes
A(P )
ΛK¯
=
C (hD − 3hF )
2
√
3 f
(
mΞ −EΛ
) − C hC
2
√
3 f
(
mΩ −mΞ∗
) ,
A(P )Ξpi =
√
2
3
A(P )Ξ0pi− + 1√3 A
(P )
Ξ−pi0 =
−C hC
2
√
3 f
(
mΩ −mΞ∗
) .
(36)
Applying Eq. (35) in pBφ =
∣∣kφ∣∣A(P )Bφ then leads to
Im p
ΛK¯
pexptΛ
= −1.15 A2λ5η y6 ,
Im pΞpi
pexptΞ
= +23.6 A2λ5η y6 , (37)
where pexptΛ,Ξ are the central values of pΛ,Ξ in Eq. (14). The uncertainties in these predictions are due
to our neglect of higher-order terms that are presently incalculable and to our lack of knowledge
on the reliability of the matrix-element calculation. Therefore, we assign an error of 100% to these
ratios, as was similarly done in Ref. [9] for the weak phases in Λ→ pπ and Ξ→ Λπ. Thus, using
A2λ5η = 1.26× 10−4 and y6 = −0.096, as in Ref. [9], we obtain
φPΛ = (1.4± 1.4)× 10−5 , φPΞ = (−2.9± 2.9)× 10−4 . (38)
The φPΞ result is comparable in size to that estimated in Ref. [11] using the vacuum-saturation
method.4
Turning now to the D-wave phases, we note that the expression for the A(D) term in Eq. (29)
implies that Lw, in conjunction with Ls and L′s, cannot solely give rise to diagrams for the D-wave
components. Rather, the weak Lagrangian that can generate the leading nonzero contributions to
this term must have the Dirac structure B¯vS
µ
v ∂µAα T αv , which is of O
(
k2
)
. The D-wave amplitude
FIG. 3: Diagrams representing standard-model contributions to the leading-order P -wave amplitude for
Ω− → Bφ. Each square represents a weak vertex generated by Lw in Eq. (34).
4 The numerical differences between the estimates also arise from the use of a positive C value in Ref. [11].
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at O(k2) can also receive contributions from so-called tadpole diagrams, each being a combination
of a strong ΩBφK¯ vertex, generated by a Lagrangian having the structure B¯vS
µ
vAµAαT αv , and a K¯-
vacuum vertex coming from a weak Lagrangian of O(ms). Unfortunately, at present the parameters
of these strong and weak Lagrangians of O(k2) are incalculable. The best that we can do is to
make a crude estimate based on naive dimensional analysis [30]. Thus, since the lowest-order chiral
Lagrangian yielding pBφ is of O(1), whereas that yielding dBφ is of O
(
k2
)
, and since k ∼ ms in
hyperon nonleptonic decays, we expect that
dBφ
pBφ
∼ m
2
s
Λ2χ
, (39)
where Λχ ∼ 4πf is the chiral-symmetry breaking scale. It is worth remarking here that for
ms ∼ 0.12GeV [31] this naive expectation is compatible with the value of dΛ/pΛ from Eq. (14), in
which the dΛ number is determined largely by the preliminary data from HyperCP [5]. For these
reasons, we make the approximation
φD =
Im d
dexpt
=
m2s
Λ2χ
pexpt
dexpt
φP (40)
for the magnitude of the phase, where φP comes from Eq. (38). Since dΞ as quoted in Eq. (14) is
poorly determined, we take the further approximation dΞ = pΞdΛ/pΛ for its magnitude in order to
estimate φDΞ . All this leads to
φDΛ = (0± 3)× 10−5 , φDΞ = (0± 6)× 10−4 . (41)
The errors that we quote in φP,DB are obviously not Gaussian and simply indicate the ranges resulting
from our calculation.
Putting together the numbers from Eqs. (14), (28), (38), and (41) in Eq. (9) yields
−9× 10−6 ≤ AΩ ≤ +2× 10−6 . (42)
We note that the second term on the right-hand side of Eq. (9), which would vanish if the Ξπ ↔ ΛK¯
rescattering were ignored, has turned out to be the largest one. This is due to φPΞ and εP being
much larger than φP,DΛ and εD, respectively, as well as to δ
P,D
ΛK being small. For the partial-rate
asymmetry in Eq. (12), we find
0 ≤ ∆Ω ≤ 13× 10−6 . (43)
This is comparable to the corresponding asymmetry in Ω → Ξπ [11], but larger than those in
octet-hyperon decays [6].
Since the asymmetry measured by HyperCP is the sum AΩΛ = AΩ + AΛ, it is important to
know how AΩ compares with AΛ. The SM contribution to AΛ has been evaluated most recently to
be −3 × 10−5 ≤ AΛ ≤ 4 × 10−5 [9]. Thus within the standard model AΩ is smaller than AΛ, but
not negligibly so, and the resulting AΩΛ has a value within the range
−4 × 10−5 ≤ AΩΛ ≤ 4× 10−5 . (44)
For this observable, HyperCP expects to have a statistical precision of 9 × 10−2 [5], and so its
measurement will unlikely be sensitive to the SM effects.
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V. CP -VIOLATING ASYMMETRIES DUE TO NEW PHYSICS
Here we evaluate AΩ and ∆Ω arising from possible physics beyond the standard model. In
particular, we consider contributions generated by the chromomagnetic-penguin operators (CMO),
which in some new-physics models could be significantly larger that their SM counterparts [8, 32, 33].
The relevant effective Hamiltonian can be written as [33]
Hw,g = CgQg + C˜g Q˜g + H.c. , (45)
where Cg and C˜g are the Wilson coefficients, and
Qg =
gs
16π2
d¯ σµνta
(
1 + γ5
)
sGaµν , Q˜g =
gs
16π2
d¯ σµνta
(
1− γ5
)
sGaµν (46)
are the CMO, with Gµνa being the gluon field-strength tensor, gs the gluon coupling constant, and
Tr
(
tatb
)
= 1
2
δab. Since various new-physics scenarios may contribute differently to the coefficients
of the operators, we will not focus on specific models, but will instead adopt a model-independent
approach, only assuming that the contributions are potentially sizable, in order to estimate bounds
on the resulting asymmetries as allowed by constraints from kaon measurements.
The chiral Lagrangian proceeding from the CMO has to respect their symmetry properties.
Under SU(3)L×SU(3)R rotations Qg and Q˜g transform as
(
3¯L, 3R
)
and
(
3L, 3¯R
)
, respectively.
Moreover, under a CPS transformation (a CP operation followed by interchanging the s and d
quarks) Qg and Q˜g change into each other. These symmetry properties are also those of the quark
densities d¯(1± γ5)s, of which the lowest-order chiral realization has been derived in Ref. [9]. From
this realization, we can infer the leading-order chiral Lagrangian induced by the CMO, namely
Lw,g = βD
〈
B¯v
{
ξ†hξ†, Bv
}〉
+ βF
〈
B¯v
[
ξ†hξ†, Bv
]〉
+ β0
〈
hΣ†
〉 〈
B¯vBv
〉
+ β˜D
〈
B¯v {ξhξ, Bv}
〉
+ β˜F
〈
B¯v [ξhξ, Bv]
〉
+ β˜0 〈hΣ〉
〈
B¯vBv
〉
+ βC T¯
α
v ξ
†hξ† Tvα − β ′0
〈
hΣ†
〉
T¯ αvTvα + β˜C T¯
α
v ξhξ Tvα − β˜ ′0 〈hΣ〉 T¯αvTvα
+ βϕ f
2B0
〈
hΣ†
〉
+ β˜ϕ f
2B0 〈hΣ〉 + H.c. , (47)
where βi
(
β˜i
)
are parameters containing the coefficient Cg
(
C˜g
)
. The part of this Lagrangian
without the decuplet-baryon fields was first written down in Ref. [10].
From Lw,g along with Ls, we derive the diagrams shown in Fig. 4, which represent the lowest-
order contributions induced by the CMO to the P -wave transitions in Ω → ΛK¯,Ξπ. We remark
that each of the three diagrams in the figure is of O(1) in the ms expansion, and that Fig. 3 does
not include the meson-pole diagram because within the SM it contributes only at next-to-leading
order. The amplitudes following from Fig. 4 are
A(P )g
ΛK¯
=
C (β+D − 3β+F )
2
√
3 f
(
mΞ −EΛ
) − C β+C
2
√
3 f
(
mΩ −mΞ∗
) ,
A(P )gΞpi =
−C β+C
2
√
3 f
(
mΩ −mΞ∗
) +
√
3 C β+ϕ
2f
(
ms − mˆ
) ,
(48)
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FIG. 4: Diagrams representing chromomagnetic-penguin contributions to the leading-order P -wave ampli-
tude for Ω− → Bφ. Each square represents a weak vertex generated by LCMOw in Eq. (47).
where β+i ≡ βi + β˜i and we have used m2K −m2pi = B0 (ms − mˆ), derived from Eq. (23).5
In order to estimate the weak phases in AΩ, we need to determine the parameters β
+
i in terms
of the underlying coefficient C+g ≡ Cg + C˜g, which is the combination corresponding to parity-
conserving transitions. From the effective Hamiltonian in Eq. (45) and the chiral Lagrangian in
Eq. (47), we can derive the one-particle matrix elements
〈
n
∣∣Hw,g∣∣Λ〉 = β+D + 3β+F√
6
u¯nuΛ ,
〈
Λ
∣∣Hw,g∣∣Ξ0〉 = β+D − 3β+F√
6
u¯ΛuΞ ,
〈
Ξ∗−
∣∣Hw,g∣∣Ω−〉 = −β+C√
3
u¯Ξ∗ · uΩ ,
〈
π−
∣∣Hw,g∣∣K−〉 = β+ϕ B0 .
(49)
Since there is presently no reliable way to determine these matrix elements from first principles, we
employ the MIT bag model to estimate them. The results for β+D,F,ϕ have already been derived in
Ref. [10] using the bag-model calculations of Ref. [36] and are given by
β+D = −37 β+F =
2 IMN
4
π R2
C+g , β
+
ϕ =
−8 IMN4
√
2m2K
πB0R
2
C+g , (50)
where N , R, and IM are bag parameters. For β
+
C , extending the work of Ref. [36] we find
β+C =
−8 IMN4
π R2
C+g . (51)
Numerically, we take R = 5.0GeV−1 for the octet baryons, R = 5.4GeV−1 for the decuplet
baryons, and R = 3.3GeV−1 for the mesons, after Refs. [36, 37]. In addition, as in Ref. [10], we
have N = 2.27 and IM = 1.63× 10−3 for both the baryons and mesons. It follows that
β+D = −37β+F = 1.10× 10−3 C+g GeV2 , β+C = −3.78× 10−3 C+g GeV2 ,
β+ϕ B0 = −7.09× 10−3 C+g GeV3 ,
(52)
5 It is worth noting here that, as in the Λ → ppi and Ξ → Λpi cases [10], each of the two amplitudes in Eq. (48)
vanishes if we set β+D,F = κ
+bD,F , β
+
C = κ
+c, and β+ϕ = κ
+/2, with κ+ being a constant, take the limit
EΛ = mΛ, and use the relations mΞ − mΛ = 23
(
bD − 3bF
)(
ms − mˆ
)
and mΩ − mΞ∗ = 23 c
(
ms − mˆ
)
, both
derived from Eq. (19). This satisfies the requirement implied by the Feinberg-Kabir-Weinberg theorem [34] that
the operator d¯s cannot contribute to physical decay amplitudes [35], and thus serves as a check for the formulas
in Eq. (48).
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We note that C+g here is the Wilson coefficient at the low scale µ = O(1GeV) and hence already
contains the QCD running from the new-physics scales. We also note that the bag-model numbers
in Eq. (52) are comparable in magnitude to the natural values of the parameters as obtained from
naive dimensional analysis [30],
βNDAD,F,C =
Cg gs
16π2
Λ2χ
4π
∼ 0.0024Cg GeV2 , βNDAϕ B0 =
Cg gs
16π2
Λ3χ
4π
∼ 0.0028Cg GeV3 , (53)
where we have chosen gs =
√
4π. The differences between the two sets of numbers provide an
indication of the level of uncertainty in estimating the matrix elements.. This will be taken into
account in our results below.
Applying Eq. (52) in pBφ =
∣∣kφ∣∣A(P )Bφ then leads to the CMO contributions(
φPΛ
)
g
= (−1.0± 2.0)× 105GeV ImC+g ,
(
φPΞ
)
g
= (2.3± 4.6)× 105GeV ImC+g . (54)
where, as in the Λ → pπ and Ξ → Λπ cases [10], we have assigned an error of 200% to each of
these numbers to reflect the uncertainty due to our neglect of higher-order terms that are presently
incalculable and the uncertainty in estimating the matrix elements above. For the D-wave phases,
we have here the same problem in estimating them as in the standard-model case, and so we have
to resort again to dimensional arguments. Thus, since the D-wave amplitude is parity violating, we
have (
φDΛ
)
g
= (0± 3)× 105GeV ImC−g ,
(
φDΞ
)
g
= (0± 8)× 105GeV ImC−g , (55)
where C−g ≡ Cg − C˜g is the combination corresponding to parity-violating transitions.
Putting together the numbers from Eqs. (14), (28), (54), and (55) in Eq. (9), we find
10−4GeV−1
(
AΩ
)
g
= (0.3± 1.3) ImC+g + (0± 1) ImC−g . (56)
As in the SM result, the second term in AΩ dominates these numbers. For the partial-rate asym-
metry, we obtain (
∆Ω
)
g
= (−0.7± 1.4)× 104GeV ImC+g . (57)
We can now write down the contribution of the CMO to the sum of asymmetries AΩΛ = AΩ +AΛ
being measured by HyperCP. The most recent evaluation of their contribution to AΛ has been
done in Ref. [10], the result being 10−4GeV−1 (AΛ)g = (−4.2 ± 8.3) ImC+g + (3.5 ± 7.0) ImC−g .
Evidently,
(
AΩ
)
g is much smaller than, though still not negligible compared to,
(
AΛ
)
g. Summing
the two asymmetries yields
10−4GeV−1
(
AΩΛ
)
g
= (−4 ± 10) ImC+g + (4± 8) ImC−g . (58)
Since the CMO also contribute to the CP -violating parameters ǫ in kaon mixing and ǫ′ in kaon
decay, which are now well measured, it is possible to obtain bounds on
(
AΩΛ
)
g and
(
∆Ω
)
g using
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the ǫ and ǫ′ data. As discussed in Ref. [10], the experimental values |ǫ| = (22.80 ± 0.13) × 10−4
and Re(ǫ′/ǫ) = (16.6± 1.6)× 10−4 [12, 31] imply that∣∣ImC+g ∣∣ < 5.0× 10−8GeV−1 , ∣∣ImC−g ∣∣ < 7.4× 10−9GeV−1 . (59)
Then, from Eqs. (57) and (58), it follows that∣∣AΩΛ∣∣g < 8× 10−3 , ∣∣∆Ω∣∣g < 1× 10−3 . (60)
The upper limits of these ranges well exceed those within the SM in Eqs. (43) and (44), but the
largest size of
(
AΩΛ
)
g is still an order of magnitude below the expected sensitivity of HyperCP [5].
This, nevertheless, implies that a nonzero measurement by HyperCP would be an unmistakable
signal of new physics.
VI. CONCLUSION
We have evaluated the sum of the CP -violating asymmetries AΩ and AΛ occurring in the decay
chain Ω → ΛK → pπK, which is currently being studied by the HyperCP experiment. The
dominant contribution to AΩ has turned out to be due to final-state interactions via Ω→ Ξπ → ΛK.
We have found that both within and beyond the standard model AΩ is smaller than AΛ, but not
negligibly so. Taking a model-independent approach, we have also found that contributions to
AΩΛ = AΩ + AΛ from possible new-physics through the chromomagnetic-penguin operators are
allowed by constraints from kaon data to exceed the SM effects by up to two orders of magnitude.
In summary, ∣∣AΩΛ∣∣SM ≤ 4× 10−5 , ∣∣AΩΛ∣∣g < 8× 10−3 .
Since the SM contribution is well beyond the expected reach of HyperCP, a finding of nonzero
asymmetry would definitely indicate the presence of new physics. In any case, the upcoming data
on AΩΛ will yield information which complements that to be gained from the measurement of AΞΛ
in Ξ→ Λπ → pππ.
Finally, we have shown that the contribution of Ω → Ξπ → ΛK also causes the partial-rate
asymmetry ∆Ω in Ω → ΛK to be nonvanishing, thereby providing another means to observe
CP violation in this decay. This asymmetry and that in Ω → Ξπ tend to be larger than the
corresponding asymmetries in octet-hyperon decays and hence are potentially useful probes of CP
violation in future experiments. Since ∆Ω results from the interference of P -wave amplitudes,
a measurement of it will probe the underlying parity-conserving interactions. Numerically, we have
found
0 ≤ (∆Ω)SM ≤ 1× 10−5 , ∣∣∆Ω∣∣g < 1× 10−3 .
where the bound on the contribution of the CMO arises from the constraint imposed by ǫ data.
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APPENDIX A: P AND D FACTORS IN P -WAVE ANDD-WAVE J = 3
2
AMPLITUDES
FOR Bφ→ B′φ′ IN I = 1
2
, S = −2 CHANNELS
For the four coupled channels, the P factors are
PΞpi,Ξpi =
−1
6
(D − F )2
EΞ −E ′pi −mΞ
+
1
12
C2√
s−mΞ∗
+
− 1
108
C2
EΞ − E ′pi −mΞ∗
,
PΞpi,ΛK¯ =
1
3
D(D + F )
EΞ − E ′K −mΣ
+
1
12
C2√
s−mΞ∗
+
1
36
C2
EΞ −E ′K −mΣ∗
,
PΞpi,ΣK¯ =
−1
9
D(D − 3F )
EΞ − E ′K −mΛ
+
−2
3
(D + F )F
EΞ − E ′K −mΣ
+
− 1
12
C2√
s−mΞ∗
+
1
54
C2
EΞ −E ′K −mΣ∗
,
PΞpi,Ξη =
−1
6
(D − F )(D + 3F )
EΞ − E ′η −mΞ
+
− 1
12
C2√
s−mΞ∗
+
− 1
36
C2
EΞ −E ′η −mΞ∗
,
(A1)
PΛK¯,ΛK¯ =
1
18
(D + 3F )2
EΛ −E ′K −mN
+
1
12
C2√
s−mΞ∗
,
PΛK¯,ΣK¯ =
−1
6
(D − F )(D + 3F )
EΛ −E ′K −mN
+
− 1
12
C2√
s−mΞ∗
,
PΛK¯,Ξη =
1
9
D(D − 3F )
EΛ −E ′η −mΛ
+
− 1
12
C2√
s−mΞ∗
,
(A2)
PΣK¯,ΣK¯ =
−1
6
(D − F )2
EΣ −E ′K −mN
+
1
12
C2√
s−mΞ∗
+
2
27
C2
EΣ − E ′K −m∆
,
PΣK¯,Ξη =
1
3
D(D + F )
EΣ − E ′η −mΣ
+
1
12
C2√
s−mΞ∗
+
− 1
36
C2
EΣ − E ′η −mΣ∗
,
(A3)
PΞη,Ξη =
1
18
(D + 3F )2
EΞ −E ′η −mΞ
+
1
12
C2√
s−mΞ∗
+
1
36
C2
EΞ −E ′η −mΞ∗
, (A4)
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and the D factors
DΞpi,Ξpi =
(D − F )2
60
(
EΞ − E ′pi −mΞ
)2 − 7 C2
540
(
EΞ −E ′pi −mΞ∗
)2 ,
DΞpi,ΛK¯ =
−D(D + F )
30
(
EΞ − E ′K −mΣ
)2 + 7 C2
180
(
EΞ − E ′K −mΣ∗
)2 ,
DΞpi,ΣK¯ =
D(D − 3F )
90
(
EΞ − E ′K −mΛ
)2 + (D + F )F
15
(
EΞ − E ′K −mΣ
)2 + 7 C2
270
(
EΞ − E ′K −mΣ∗
)2 ,
DΞpi,Ξη =
(D − F )(D + 3F )
60
(
EΞ − E ′η −mΞ
)2 + −7 C2
180
(
EΞ − E ′η −mΞ∗
)2 ,
(A5)
DΛK¯,ΛK¯ =
−(D + 3F )2
180
(
EΛ − E ′K −mN
)2 , DΛK¯,ΣK¯ = (D − F )(D + 3F )
60
(
EΛ − E ′K −mN
)2 ,
DΛK¯,Ξη =
−D(D − 3F )
90
(
EΛ − E ′η −mΛ
)2 ,
(A6)
DΣK¯,ΣK¯ =
(D − F )2
60
(
EΣ −E ′K −mN
)2 + 14 C2
135
(
EΣ − E ′K −m∆
)2 ,
DΣK¯,Ξη =
−D(D + F )
30
(
EΣ − E ′η −mΣ
)2 + −7 C2
180
(
EΣ −E ′η −mΣ∗
)2 ,
(A7)
DΞη,Ξη =
−(D + 3F )2
180
(
EΞ − E ′η −mΞ
)2 + 7 C2
180
(
EΞ −E ′η −mΞ∗
)2 , (A8)
where E ′φ is the energy of φ in the final state. We note that contributions to the propagators from
the ∆m and quark-mass terms in Eq. (19) have been implicitly included in these results.
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